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Abstract. Wc c.stimatcd  dIc bathymctry anct scdimc.n[ lhicklcss  of a rclncr(c and dirficul[  (o
acrxss pmlion of LIIC Antarctic con(incntal  margin using acrogcopllysical surveying [c,cl]niqucs,
‘I ‘IIC U. S., Argcn[ina,  ~hilc  acmgxrphysical  survey ccrllcctcd ma~nctic. and graviiy data over tlIc
basim  sumoundiilg (IIC Antarctic Peninsula. ‘f”hir(y-seven of LIIC.SC flight li[ms were. uwd (o ~
cslinla[c balhynmtry  and dcp[h  [o magnc[ic  basement for tbc wcs[cm  Wc41dcl  I }Iasi]]. A
wave.rlumhcr tc.chniquc was applied to ilKtividual ma.gllc.lic anomaly ]mfilcs  in an aulomalc.d
Lisllion  10 obtain cslima(cs  of lhc dcJ}llI  10 magnetic bascrncnt.  “J’hc ba[hymc[ric  cs(imalcs w’crc.
oblaincd  by admiuancc invcrsicms  of llIc. gravity field. “I?lc results were IIICII  @dcd al a 40-knl
i]][crval for (hc region fYOW,  44°W, 73°S, and 62°S. Ilathymc[ric cs(ilna(c,s  and dcl)th  to
magllc(ic bascmc.n[ cs[imatc.s wc.rc diffcrcnccfi  a( each grid point to ol)tail] a rcgimml  cs(in)atc. of
(Iic [hicklc.ss  of norunagnctic  overburden (assumed to bc .sdimcnl).  Subsc<lucnl  slmL
II ICIISIII  cmcnls of topograJ)lly  in lhc cslimalcd  region of l}IC con(il]cnlal margin gc[lc.rail y agree 10
nbou( 52. mc[c.rs. “J’bc.  cs[ima(cd rnagnc, [ic base.mcn[ dcqcns  from tlIc. Antarctic-Peninsula mar[; i n
c.aslward  (0 a maximum of 10-12 km nc.ar 54°W. We also poslolalc the c.xislc[]cc of (WO
modcra[c.ly  large basins ftanking lhc cas[ward  continuation of [hc Jason J’c.ninsula. I:arkr  cast,
lhc. bascJIlcJI(  SICIM upward, with a corI”cs]xmdcnl thinning of lhc  Scdinlcrl(a[-y ]aycr. Along the
cms( coas( of the ])cninsula, results agree. WCJI with seismic. stwiics on Jamcs Ross Ist:ul(l and
inagnc[o[cliuric  studies on Marambio Island and k lzrrscn nunauk,  as WCJ1  as LIIC. Ilri(isl]
An[arc[ic Survey basement c.s[imatcs from acxomagncfic data. ‘this s[udy  furlhcr  (icn]ons(ra[m  Ihc
u[i lily of combined aJ)J~lication of airborne and satellite. geophysical tc.chniqucs  in [lIC study of
S(IUCIUI-C  arid [cz(onic cvoluli(m of con[inc.n(al margins and marine basilts.

}Iltrodllc[ion

‘1’lic  basios suIrounrling  the Antarclic 1’cnil]sLlla c o m p o s e
O]](.  o f  lllc rnosl illrrcccssiblc rcgiolls o f  tlarltl. Ilcavy y e a r
I C)U] Id icc cover al Id frcqoc.m[  and sc.vcrc stornls conlbil IC t o
IIlakc cxplora(io]l of lllis region Cxlrcmcly rlifficul[ amt l ime
Collslmlillg. Cc) Iisc.qL]cnlly,  bal}lymctric ma]>s of Ihc rcgicrn arc
basccl 0]1 very linli(c.d data. A grca[ deal of intc.sJ):c.trr~  ior~ base.d
011  IIIC gco]ogic irlluilirrn of t}lc cartogra])hcr is required 10 turn
this sl]arsc da[a set ill[o a rcgiona] r~la~~. I’llis unccr[ain[y in [hc
s[r uclol c arid local ion of llic colllincl~L  margins is problcnlatic
frol~~ LI]c vic.wpoirl(  of basin circulation studies, p]atc tcclrrnic
rccolish  uclions, regional rifting rnodcls, and c.xploratior)
]Jlarlrlillg. ‘J”lic U .  S . ,  Argcrlti:ia, Ctiilc (USAC) progranl
cxllldLlclc.d  w cxlcnsivc. acrogco~dlysical sorvc.y (i;igrrrc ] )  t o
dc.rcrnlirlc the slruclurc  and dcvclopmcrd of the corl[incntal
IIlargills atd basil]s a d j o i n i n g  Ihc An[arcLic Pcninsola a n d
SOUIIICIII  SOUI}I  America, I“iic (JSAC flighls cln}~lr)ycd a lor]g -



range  1’ -3  (hirrn providml by the U.S. Naval Rcsc.arch
1.ahorsr(ory l)ctachnw.nl at l’a(uxcrrt River Naval Air Station,
h4aryland. ‘J’hc.  aircrafl  was cquip~wd with a gravimctcr,  proton
lnc.ccssiol) rl]agnc.lonlc,lm, as WC]] as Global Positioning
Systc.Itl (G1’S),  Ojllcga, and inertial navigation systems. G1>S
navigation now permits the usc of ]ong-rarrgc  aircrafl wilhoul
local navi~a[ion  networks which significantly improves tbc
cffr-ctivcncss of acrosurvcys  over rcmolc  regions. Acrogravi[y
wcluiology  has bcm  described by Brozma [ 1984] and by
Brozena  wrd Peters [1988]. USAC  successfully carried out the
filst operational lorrg-range ac.rogravity survey and the first
such SUL  vcy ovc.r  an icc-covcrcd coltlincntal  margin [L’rozfna

C( al., 1987].
IIIC N avity and may,nc.lic dala sets arc our best sourct  of

iliformalion concerning the rc.giona] slructurc.. Figrrrc  2 shows
(hai plior to ti]c USAC survey there were fcw geophysical da[a
fur tile Alllarc[ic Pcminsula  margins. Ihc data collcztcd  by the
loIIg-raII~c  P-3 (hion con}plc.mcnl  cxisli!l~ dala sc.ts such as
lhc conlI]ilatiml of the availatdc  gravily,  m a g n e t i c ,  a n d
scislilic d:ila fol ll)c circLlrrl-l>crlillsLlla b a s i n s  o f  the Occan
h4al~in lhilling (OMIJ) Rcgio,)  13 A t l a s  [Idrecquc d a l . ,

19S6 ]  as v.,cll as lhc acromagnclic  survc.ys of }lrilain [Remcr
C[ al., 1985] aid the forlnc.r Sovic.t  Union [Maslov,  1980]
wllicll ]Iavc. gadlcrcd acrornagrwric dala o v e r  IIorlr]larinc
lmrtiolls of West Arltarctica.

Wc cullll,illc.d USAC acrogravity [Brozctra  C( al., 1987]  a!d
Gcosat ~,ravi!y [/Iaxl~y, 1988;  IIarby and Ilayes, 1991; M a r k s

ad AfcArfoo,  1 9 9 2 ]  da~a SC.(S  to incrcasc  the, covcragc. of [he
v.’c.slc~rl  Wcddc.11  IIasin (I)lalc. la), although gap slill remain in
(IIC r,ravi~y covcrar,c. in a similar manner wc dcvclopcd a
~liddcd lnaglkc(ic  armmaly  fic.ld us ing  LI)c. USAC  a n d  o t h e r
availab]c  dalal,ascs  as sllow]l in I’lalc lb. Ilell  c/ al .  [1 990]
suggested Ulat LIIC s[long linear nor[l]-soulh striking gravity
gradicnl along the. eastern margin of the Antarctic l’cninsrrla in
l’la[c 1 a c4mld cm Icspond 10 the. shelf  edge. I“his imp] ic.s
si~~rlificant balhynlcLric errors in compilation of Gc.mcral
}la(llyl]lc~ric Chart of tl]c Occans (GII]IC())  map S:16 [Johnson
r-~ al . ,  1983] as WCJI as most of the digital batllymc.tric data
SCIS of Ihc rc.gion which arc derived from this car log, raphy.

‘lhc wcs[crn margin  of  the  Wcddcll }Iasin dc.vcloped in
h4iddlc  to I.alc. Jurassic tinm as cvidcnccd by the s e a f l o o r
si)rc.adillg ~)a~tcril [1.drccque  ad Barb, 1 9 8 1 ;  Idrccque ct

al . ,  1986] (}:i~u!c.  3)  md the otrsc.rvalion of JLmassic s h a l l o w
water rnarim  sc.din~cn Ls on the wcslcrn Wcddcll margin, the.
}’alklalld l)latcau [1.udwig c1 al., 1 9 8 0 ] ,  a]d the Magallallcs
}Iasin  [~affawf c1 a / . ,  19’)4]. ‘]he JL)rassic a n d  yoL!rlgcr
scdimc.rllary accumulation on Ltm wcslcrn margin of the,
Wcddcll has been tc.rmcd the l.arscn Basin [Madonaki c1 al.,

19N8]  and is considc.rcd m have significant hydrocarbon
lmlcnlial  [S/. .lohn,  1986;  [Ichrcndt,  1 9 9 0 ] .  T’hc I.arscn

*.-

scdin)crlt:iry SC41L1C.llCC  is floored by the Jurassic Nordcmkjo]d
};ormalion and cxlcncls lhrough  t o  the mi+l’crliary  with a n
a}~l)arcnt h ia tus  or  Uncxrllformily  in the. Early Crclaccous
[l<i?laldi,  1 9 8 2 ;  I;arquharson,  1982,  1 9 8 3 ;  rird Valk arid
I:ourradr,  1986; Olivero cl a l . ,  1986; L’lliot,  1988;  Whitham

ad Storcy,  1989 ]  w h i c h  i s  domina[cd  b y  a l t e r n a t i n g
radiolar i an rich n]udsIonc.s  and ash beds laid down in cuxinic
coIlditiolls. In this study wc used the USAC  ac.rogcophysical



data SCI to dc.tc.rminc Lhc. ba[hynmLry  of the w e s t e r n  Weddcll
malgin and scdimmtary  thickness of dlc. 1 msc.n Ilasin  and the
wcstcnl WcddcJl Basin.

Revision of the Jtqgiona] Bathymdry

OrIc mc(hod of  es t imat ing bat}lymc.try  in an onchar[cd
region is to dctc.rminc Lhc relationship twtwccn gravity rrnd
balhynlc(ry or the admillancc  function in a ncartry region
wbcrc both Lhc graviLy and bathymc.try  have been rnappcd and
then apply ttlat admittance funclion to the unknown region.
i)ormm  wti l~wi.v [ 1 9 7 0 ] ,  I~wi.v  and  Dorman  [ 1 9 7 0 ]  and
hfcKenzic and Bowin [ 1976] have shown that Ihc rcl ationship
tw[wcm gravily and ba[hymctry  can bc approxima(cd by a
lilwar furlclion of Lhc folln

G(k)= z(k)](k) (1)

w}ifre

G(k) }:oLlricr  lralisforlll of[llcfrccail gtavilyallomaly;
z(k) admillancc func Lion;
I](k) I:oLITicr Lrallsforlll  of Lhc balhymctry;
k w,avcrlumlxm.

WhcII LhC halliynlcLric relief is small and varic.s atxjLll  an
avcracc dq)th, Z(k) i s  real  and indcpcnclmt of B ( k ) .  I’hc

ad!ilil~allcc  fllllcliull haS trccn Llscd to sLLldy lhc II LCChal)i Sill o f
isosla(ic com})cnsalion a n d  Lhc claslic  proJrcrlics o f  Ihc
lilllospl]c]c [Walcof[, 1 9 7 0 ,  1 9 7 2 ;  Stecklr-r  andWatt.v,  1978;
11’amamf~)crly,  1981].

An cs~ilna~cof t~atllyrllc.try  earl&.  dctcrll~il\c<lt]y solving for
f{(k) ~ivcll an estimate  rrf Z(k)  derive.d from an arc.a where
lroh  G(k) and B(k)arcknown.  I’bc admi[tancc function may
valy collsidc.ral)ly fronl o n c  ]ocaLion  10 anolhcr and c a n  bc.
difficult 10 c.slimatc accura(c]y.

Valialiolls  a!c illduc<d b y  diffcrcllc<s in lhc g e o l o g i c
struclurc a)lct geologic history from onc region to another. For

cxanlplc, a  })assivc contincn(al margin wliicb is
J]l[)r})l]{)logically u n i f o r m  a l o n g  its cxtc.nt can exhibit  a
varialio]l i n  Itlc admillarlct. fullclion alo]lg slrikc  i f  t h e
isos[a(ic mpmsc 10 s e d i m e n t  l o a d i n g  varic.s a long  the
nlargin. Adiffcrcncc  in isos(a(ic  rcspcrnsc along the margin
could dcwclop  if a major influx in sedimentation ocmrrcd  in
onc rc~ioll when (1IC li[llos})hc.rc  was relatively Lhin atld wc.ak
wbilc al allothcr location major scciirncnlalion occur]cd several
million years Ialcr over sLrongcr  and Lhickcr liLhosp]lcrc. ~;or
d]is rc.ason wc n)usL dctc.nninc LIIC admi[[ancc fLmclion f r o m
regions which share a common *;;oILLtlon. Mcasurcnmrt  nOISC,
})al[icLllarly ill liic. graviLy cla(abasc, will also conLribULc L o
cnms  in X(k).

Mrrs( i!nporlalltly,  Lhc slrong relief of aconlincnlal s lope
a n d  dIc. usc of a discrctc. l:oLmicr lransforln rcsull in an ill-
bchavcd and “spiky” cnmplcx adn~i[(ancc  fLlncLion  in conLrasl
to Lhc snmo[b  ]inc.ar and rc.al thrmrc.tics] admittance. function
for slnoothly varying low relic.f tolwgraI)lly. Kartwr wuf Wa[t.!

[ 1 9 8 2 ]  rcducmi the cffc.ct of ihc. pole.s and m.roes in the
individual admi[tancc. spc.ctra by averaging several profiles
frO1lL Icgions Wi[h v a r y i n g  Widlhs  of the COLllinCJILaI  slope
using



(2.)

wlIcIciV is nun~bcr  ofprofilcs  averaged in thccnscmtrlc  and tlIc
asterisk signifies the complex conjugate.

}:ollowing tl)istcchniquc,w csclcclc  dasarcfcrcnm  arcathc
nrrr[hwcstcrn Wcdficll Basin w h e r e  balhymctry  h a s  b e e n
rcla[ivcly  WCII  mcasurti by satellite-navigat e.d icctrrcakcrs
[Kcllrr  a a l . ,  1985] .  Opcnir,g rnodcls by Ldrecque t-t a l .

[ 1 9 8 6 ]  a n d  Grurww r-f af. [1987] suggcs[ that the wcstcnl
Wcddcll margin evolved in a uniform manner from norlh to
souLII. I:ivcprofilcs  were cxtrrsctcd from lhcgriddcd  gravity and
bathymcuyuf  this rcfcrcncc  area within tile la[itude bounds of
65[)S and 66°S. An average of IIIC admittance function was
cs[i]]la[cd from IIIC. five profiles. l’his cstimrrlc of Y,(k) was lllcn
alqjlicd 10 the length of Lhc wcs(crn Wcddcll  Rasin using [lIC
colllhincd acrogravily  and Gcosal nmasurc.nlc.nLs. The.rc.sulling
bathylllc[ric csiimfitc proved lCSS  than satisfrictory  and bclicd
our  nolirrlis o f  rc.alislic s h e l f  slruclurc  bccausc long-
w,a\clcnglh gravity components were amplified by the
adl~lil(al]cc f u n c t i o n  inlo lar~c t>asinlikc s[ructurcs o n  t h e
colllirlcl]lal sllclf.

]n I:i8urcd  wccomparc  Lhc observed adnlil[ance  from oLlr
Icfclcllcr  scc[iorl (o tile tlic.orctical linear mode.t for various
claslic  [Ilickncsscs. ‘f’hc.  observed  adnli[[allcc f u n c t i o n
avc]agcd fro]]] f ive  rcfcrciict. }~rofilc.s cxhibils  m u c h  highc.r
i,alial]ility ill allll)litudc than tt]c models which arc dc.rived for
li[hosldlclc  a( Illcan w a l e r dc.p[hs of 2.5 and 10 km. A
theoretical adlllittancc  function dcrivcd for arncan wak-.rdcpth
(If 10 k!l] R:  ICI riII cl:is~ic Ihickl]css of 40 kln aplw.ar 10 matcli tlic
otmcrved adnlittallce  best. Al(lIoLIglI  an elastic tllickllcss  of 40
kmforthc  Jurassic nlargini srcasonablc, this match is highly
SUSIWCI  ~,ivc]]  the stc.p]ikc  nalurc  of continental nlargin and [he
fac[ lhalthc  scdilnclll-water illlcrfacc isnrrv,,llcrc. ~rcakn ltlan 5
knlncar  thcwc.stern Wcddcll margin.

‘I’tlcllcccssary c<~llCliliolls for thclincarily of the admillancc
fullc(ior] arc  not WC1l s a t i s f i e d  at con[inc.n(al Inarg,ins. I’hc.
Wcddcll rllargin topogral)hy can bc al)proxima[cd by a step
fulic!irm, with an amplihrdc of 4 km. The large asyrnmchic
relief of LIIC co~itincntal S1O}W induces nrmlincar cffczts  in the
~,ravity f ie ld .  Karna a n d  Waff.s [1982] sugges ted  that
Imlllillcar cffc.cts at a contilLc.ntal  margin should cancel out
WIICJ) averaging i s  Pcrforfncd o v e r  scvc.ral profiles with
diffclcnl  slopes; however, they used a linear gravity mrsdc.1  to
dc[ivc the admitt:incc relationship.

]fanonlincar approach to modeling the anomaly field is
u s e d ,  lIIC adlnillallcc funclion for Ihc. synlhclic  margin  (ltlc
al)pndix)  has a nomcro  pha.sc, ~llosc  asynl~)totic bc.llavior is
mlltrollc.d by (he. factor e l(kJ-CZ’)/si,,(  k~,), W]lcrc k i s  lhC

wavcnumbcr, I’is lIIC half width of the continental slope, and
rx is Itlc algular  complement of the continc]ltal  slope and is
sligli[ly smaller than 7t/2. The silL(kT)  factor linLils lhc phase
tiIIF,lc m absol Llm val Llcs ICSS Ulan rc/2 (F’igurc Al) and induces
7[ discon[inuitics al kTvalucs  which arc illlcp,cr]lltllli})lcs of 7t,
CXCC])( for k= O, where [lIC phase tends to z.cro. If the n
discolltinuitics alc removed (which is equivalent to changes of

‘.

si~ll ill the. admittance function for sectors for which



m7L-dT<(m+  1 )rr, with m odd), tbcn the resulting phmc will trc
a straight line with slope equal to k7’ for large wavcnutnbcrs. A
linear fit to the phase S1OIW will provide an cstiumatc  of the
average. width of the continental .slopc, Variations in thc phase
of tlm admittance function will also bc inducut by incornplctc
compensation of the strrfacc topography. Avcraghg  several
l]rofilcs with different slopes and local isostatic  compensation
will rcdocc lIIC. phase excursions, bu[ lhc slope in admittance
phase will rcrnaio. A shift in the wOc position of topography
with rcspc.ct to cxprxtcd  topography will also induce a linear
phase shift.

If the I;ouricr transforms of gravity and balhymctry  arc
Iilmarly rc.latcd, thm  the phase of the adrnit(ancc fonction is
z.mu. 1 hrwcvcr, Lbc. phase of Lhc observed admittance functions
in l~igurc. 5 vary strongly with both 2TL and 7L disconlinuilics.
“1’lw ?m discontiliuitics a r c  e a s i l y  cxplaiocd,  bu t  tbc. 7r
discon[inuitics  arc more problcma[ic.  If wc remove [hc x and
27L (Iisc(>ll(illtlitics, then wc observe line.ar trends which arc
rclakxt 10 the conlincotal  slope as discussed above.

I;igurc 5a is onc of the profiles used [0 calculate lhc
rc.fcrcocc admittance (Ia[iiodc 65050), and Figorc 5b is a more
soutllcrll l}rofilc at l a t i t u d e  68°40 w h e r e  t h e  GEIKO
Io]rogr aphy is susIrcct. I’hc plot at Ihc lcfl top of each figure
s h o w s  lIw ullwlalpd phase,, which is the qsc.ctral phase
ol)taincd when ?n as WC1l as x disconlinuitics  arc rcrnovcd from
I]Ic. + /-7L boulldcd  phase (left, micklic). Two linear ]casl squares
fits WCIC made. to the.sc corvc.s: onc from k= O lo k= 0.05 km-1
that is for relatively low wavcnumbcrs,  and tlw other from
k: 0.0S kn)’ ] m k= 0.2 kn) ‘1. l“hc corlcsponding  slope values
alc W’lillcli on the plots. I:igorc 5b has a much slccpcr sloJrc for
IIIC uflwia]pd I]l]asc, w h i c h  indicalcs  a rtiffclcncc in the
relative position of gravity and bathyrnctry  of about 128 km
trctwc.cn IIIC. two plofi]cs.  Also note that the amplitodc. spcztra
boll] strongly vary and do not decay with wavcnon]bcr.

In order to better undc~stanct  the dcpartulcs  bctwccn ou r
obsm vc.d admittance and that of the the.orc.tical admittance
fu]lctiolls, wc cxalllillcd lhc analytical expression for the
adolit!allcc of an unscdin)cntcd continental margin in Airy
isoslirlic conll)cllsation, Inc. ctctails a r c  cxp]ainc.d  i n  t h e
iil)Imr)dix.

‘]hc linear admittance model and the studies of Kumwr arid
Watf.r  [ 1982] suggcs[ that the ampliiudc of the admittance
function shoLlld dc.cay for ]argc wavcmnnbcrs, while both the
alialytic rcsulls  (in tllc ap}rcrrdix) and o u r  s i n g l e  p r o f i l e
admittance fonctirms indicate thal the admitttancc  amplitrrdc
doc.s not decay with increasing wavcnumbcr. The decay in
I’igwc. 4a suggests that tbc. avc.rage dcptb of the. margin should
bc 10 km yet this would require lbat half of the. basin is below
20 km, which is over 3 tirncs dccpcr tilan mosl old ocean
basil)s. ‘1’hc.  amplito{ic. of Ihc. rrna]ytical admit tance  for  the
cotnpcnsa(cd syIlthc.tic m a r g i n  b e h a v e s  Iikc the. l inear
adtnittancc fmlclion for low wavcnumbcrs. At intcrmcdiatc and
lar F,C wavcoLmlbcrs  the admi(tancc  has poles at the z.c.ros of
sill(k’1’)  (I:igurc A 1 ) an(i drscs not diminish in arnplilodc..

I)cstructivc  inlcrfcrcncc  in the averaging process might
sl~locrth I}m alllplitodc spcctrool of the adolittancc;  h o w e v e r ,
[hc lirnitcd mnnbcr of indcpcndcnt  profi]cs available. 10 us was
not sufficicnlt to nullify tbc c. ffcct of poles and ?CIOCS i n



rrnl IJitudc spcctrurn (tigurc 5a). A comparison of admiuancc
functions derived from individual and averaged profiles
indicated that the admittance smoothing was small and
sonic.linlcs unnoticeable.. Wc also found that observe.d
adlnit[ancc has minima in addition to ti]c maxima as shown in
I’igurc Al. Our cxpcrimcntal  rnodclirrg indicated that these
lninima can rcsull  from an impcrfccl  isoslatic  cornpcnsalion.
When compensation is exact, the gravity and topography
cxucma  arc C.crillcidcnt  which smoothes the. amplitude spcc(rurn
of the adrni(tancc (F’igurc Al).

I“hc invcl sion of cqualion (1) 10 solve for lhc balhymclry  is
difl”icull even in cases where the ]inc.ar ar)proach holds nicc,]y
hccausc.  fllc adlllit[ancc  tends to ~cro for low wavcnumbcrs
wl]osc, c.rlcrgy domilla(cs lhc spcclrum of continental margins.
‘1’IIc osci]lalory  natorc  of IIIC admittance anll)litudc makes the
il}vc.rsion even rnorc difficult. P’inally, wc have. shown tha[ in
Ilm Fourier domain, gravity is a nonlinc.ar function of
halhylnclry  over conlincnlal  margins.

‘1’hc. adn}illancc still conlains  significant information on
IIIC.  shape of he. balhymctry  and its compensation. q“hc
admit [ancc phase appears (o retain considc.rablc information
o n  Lttc. Yclalivc. posilion of (1IC topography and gravity
SLJUCMC  HI Ihc shelf break as WCII as information on the shc]f
Slope..

Givc]l tbc al,parc.mt robustness of the adnlit(allcc p h a s e
cslilllatcs  colll}aircd 10 Lt]c a[imitlancc am}>lilude. c.slimalc.s, w c
attcn]])[cd a second Ieclllliquc as sLIggc.sLcd by G. 1). Karncr. We.
calculakxl ttlc adn~ittallcc.  functiorls for  sc.vcral g r a v i t y  aid
ball ]yn:c.tl ic pro frlcs in the southcnl  scc[or and substituted the
})liiisc  col]~lmncl)t  fronl [Iic nortllcrll rcfc.rcnce adn~itlancc, I’his
is all]lroxilllalc.ly c.quivalcnl 10 rcposilionirtg  Lllc topogra})hic
SLI ucturc of a sclc.ctcd J>rofilc. according to the rclationslli}) of
gi avily and balllynlclry  in the. rc.fc.rcncc profile. I’tlc. nlclhod
call l)c sunln~arimd  as follows.

1 f Lllc rcfc.rmcc admittance is

Zr(k)= Ar(k)c
iOr(k)

al]d tlic adllli(larlcc of tlm profile 10 hc adjusted is

(3)

iO.f(k)
Ztf(k) = ALf(k)c  , (4)

IIwn the nc.w admittance of the adjus[cd profile is

,, iOr(k)
r A  (L-k

I

I 1
(5)

aid IIIC r]c.w adjusted topogra~)l)y  is

WcaJIJ)]icd lhc. correction  ofcqualion(6)to21 profiks  in a
350 knl latitudinal band from 66°S LO 69.5°S. Bc..ausc of
s p a r s e  (lllrcc. prcrfi]cs) gravily  covcragc  (Plate  la)  and Ihc
apparcrlt curva[urc of  the  margin  wc d id  not cxtmd  oLlr
irivcrsion farfllcr south. ]nstcad,  w c  i n t e r p o l a t e d  t h e
halhymclry  fron] 70°S to ils intcrsc.clion with [hc southern



ccmtinmltal  S101JC near 72°S and 53°W which is a bc.llcr
explored rcgirm. Ihc estimation of bathymctry  along, the
]nargin south of 69.5° S and west of 53°W was done by
assigllirlg a bathymetric value of 500 m 10 10 points along, the
gl avity maximum and rcgridding the bathymctry  using the
e a s t e r n  GIKK) ba~hymctry  a n d  t h e  w e s t e r n  r e v i s e d
ba[llymc.try in the arc.a dcscribcd  above.

l’la[c 2 d i s p l a y s  t h e  n e w l y  cstima[cd bathymctry  as a
contoured color image. The PI1.BCK) bath ymetry is shown as
JC41 dashed thousand-nwtcr  contours. If the structure and
gr a\’ily/l(lI>ogral>lly relation is Lhc same as for lbc norlhcrn
Wcxldcll margin, then the shelf edge is IOcalcd along Lhc
~ravi[y maximum and the CXIKK)  shelf edge for the wcstcm
Wcddcll Dasin is in error by as much as 100 km eastward along
the southwcstcm  margin of the basin. AI the time of lb is
WI iting, the AnZOnc  [ 1989] program (which was provided
v., itl~ our revised bathymctry)  began to return balhyn~cLric data
f’ronl a dliftil]g,  icc s(a[ion and hc]icoptc.r stations along [hc
col]!illcrltal s l o p e  o f  t h e  wcs!cm Wcddcll [Gordon cl a l . ,

] ~9~a,b]. ‘]”hc rcsulLs arc  in  CXCCIICII1  agrccrncnl w i t h  our
btrtilyll~c.iric prcdic[ions.  of 127 soundings dishitrutcd over Ihc
lcgio Il, IIIC mean diffcrcncc  bctwccn prcdictcd and observed
to}rop,raJJiy averaged lCSS than 80 m with a starldard deviation
of 5’2 IJI. A IIlaxirllulll error occurred at 70.3°S a!ld 55°W, wlmc
tlIc gravity field dis~)lays a strong negative scmvard gradient.
l’hc cs[iina[c.d  topo~ral)lly was  2406 m , wllilc the. mc.asur c41
dcqlh is 1130 ]n, sLlggcsling  a vc.ry slc.ep continental sloix  10
Illc casl of lllis }minl.

lkpih  (o Magnefic lUISUMCIII[

l;izurc  6  ciisl,lays tlm tcctollic iIltcIi>rctation o f  tlic
nui~rlc~ic almmaly field for the wcs(crn Wcddcll ShOWn h I)latc
1a. ‘1’hc tcc(unic i~auern  has been derived from previous studies
~1.a[{rccqur and  I{arker,  1981; Idrmque d al., 1986, 1 9 8 9 ]
wld has bcc]l cxtcndcd using the USA~ magnetic anomaly
da{abasc. ~,cllcrally, the rrlagnclic anomaly paltcrn is sul&c41
willl alionla]ics rare ly  cxcc.cding 50 III’ in arni)litudc. S1rong
IIlagilc.(ic arlomalic.s arc loca[cd over Ihc Antarctic Pc.ninsula
and Ihc Bransficld  S~aits  as well as the Orion Anomaly (named
after lhc }’-3 (Jrio]l aircrafl  which maijircd lhc anomaly) in the
southcrll Wcddc]l. The source of the. orion Anomaly is likely a
volcal)ic pile at the. occarl-continc.n[ tmurldary of the southcr n
margin of the Wc.ddcll Basin.

I.incamcnts  of magnetic anomalies strike norlhcast  and
lmrlhwcs( in (1IC dccircr p o r t i o n s  o f  Lhc b a s i n . I’hc
IIortlmastcrly anomalies have been illtcri>rctcd  as tbc traces of
fl aclurc Y.ones, whiic the norlhwcstc.r]y anomalies a*:” lilt.
conjugalc  seafloor sl)rcading magnc[ic anomalies [ldhcwc

cf al,,  1986, 1989]. ‘lhc oldest crust in the Wc.ddcli Basin is
iikciy Jurassic in age. and horcicrs tlIc continental margim.  l“hc.
c1 USI  bccomc.s younger  to  the  nor th  and  cast, rc.aching
oligocc]}c agc al the IIndurancc ~ollision  z.onc. lXrrirlg t h e
cvo]ution  of Ihc wcstc.rn  Wcddcll Basin Lhc scafkror si)rc.ading
dirccliun  h a s  charlgcd ncar]y 9 0 ° w i t h  rcsirwl  10 Ihc
}>crlillsula, rcsulLirlg  in a Iargc agc contras( at a shear ?.onc near
6 5 ° S  all(i 47°W.  Iividcr]cc for his shear z.onc lies in the



illlcrprclalion  of LIIC  rnagnctic a n o m a l y  pallcrn of seafloor
splcading  anomalies within Lhc basin.

Wc have attempted to derive crustal structrrrc from cicpih to
magnetic basement estimates. Wc u.scd individual ftight lines
Iwcaosc although the USAC flig}lt line density of 36 km is
adequate for rcgirrnal anomaly identification, the analysis of a
~i iddcd database for dcptil 10 rnagnctic source requires ncar]y an
order of nlagnitudc  greater data density.

‘1’hc profile.s were analyzd assuming that the. distribution of
source.s is constanl  perpendicular to Ihc flight path. This
assumption of two-d imcnsionality  in the source distribution]]
mighl introdocc  .somc bias toward dc.cpcr rnagnctic bascrncnt
cs[inla[cs.  Shurc and Prwkcr  [1981] h a v e  s h o w n  Ulat Iincar
sarlll)litlg of a (hrcc-dirncnsional  nlagnctiz,atirsn dis t r ibut ion
can inlrorlucc.  the spurious anl~dificatirm of long-wavclcnglh
sl)ccLral componc.llts  t h r o u g h  s t r i k e  aliasing.  In ctc.pfli to
Imscnic]lt lnc.asulcmcnts t h i s  w i l l  proctucc cnoneous  dcc.pcr
Imsc.i)lcl]t  c.stinlatcs. Most profiles in the USA~ acrosurvcy
wcclc flown m lhogonal to regional trends (northwest or
]mrltmasl) in Iltc. magnclic  a n o m a l y  paltcrn; thcrcforc  wc
cxpc.ct (ha( (his cffc.ct will bc n)inimiz.cd  in the. average..

W C .  ir)vc.stigalcd scvc.ral  rncthods of cstin~ating dcptll I o
lllaf~nclic base.mcnl ilicludil]g s(a(istically  b a s e d  s~mctral
cs(irtla[iolls  as dcscribcd by  Spcc/or rmd ~;rmti I 1 970] and
Y’lei{cl CI al. [ 1971] and high-resolution techniques SUC}I as
Wcrllcr dccollvolotioll  [/Iarfma,t  C( al., 1971 ], arlalylic signal
analysis  [Nabighirrn, 197’2], arl[i IIIC con~positc method  of
Phillips [ 1975]. Automated analysis was deemed ncccssary  10
lnocc.ss IIIC. large anlount of datti involved and [o minimim  the
}mlcnlial of bias ill intcr}wctalioll.

“1’llc most soccfissfu] Iczhlliqoc was a variation of the.
spectral analysis rnefl)od. l’hc. tczhniqoc assumes thrrt magnetic
l)ascn)c!it is con]lroscd of a randomly distrihu(cd layer of
Illaj:llclic source.s of Iilickncss ~’ at a dcph d M o w  Ihc ICVCI
of vbscrvalion.  ‘llc. rrlagnc.liz.ation  is assumed constant in
dire.ctioll bul variable in inlcnsily. l’hc Fourier transform of
[t m rcsol[ant anomaly field [.$choufcn  and kfrfamy,  1972] is

‘.

I’(k) = ?rzCh!(k)c-u(l - c- ‘T )C- ‘0 (7)

k scaltir wavcnumhx;
a’ depth to h top of tile source layer;
M  (k) l’ouric.r  tIansforn~ o f  UIC.  nlagil:[iz.a(ion dishitrulion;
c amplitude term which is a function of hc

magnc.tiz.ation and anlbic.n( field dircc[ions;
*‘‘f Olick]lcss of Ulc nlagnc.tiz,cd  layer;

O phase term, function of ambient and remnant field
dircc[ions  rclalivc  to It)c strike of two-dimensional
bo(l y.

‘1’IIc power spcclrLIn) of F(k) is

S ( k )  = Ar?-2M(1 - e-~7’)2

WI ICI c A is a constant. lf I’>>d, then

ln[.$(k)]=-hi(A)- 2M.

(8)

(9)



Wc scc from (9) that the log power spcctrom of the anomaly
field falls off as a line.ar function of wavcnurnbm.  Eslimalcs  of
depth to sourc~ Lhc.rc.fore can bc made by a least squares fit of
(9) 10 lbc Jmvcr spectrum of the anomaly Jwofilc. As in all
inversion scbcrncs, scvcraJ practicaJ cxmsidcrations wilJ
illtroctocc, errors. I:irst, the shor[cr wavcJcrrgths may contain
n~casLwcn~cnl noise  such as  arnlsicnt ficJd f l u c t u a t i o n s ,
illstrumcnt,  and navigation noise. Sccorrd, tbc assumption
tba[ the thickrmss of ttm rnagnctic sorrrcc is grca:cr than dcptb
may not always hold, such as over oceanic crosl wbcrc
cstirnatcs of rnagnctic source thickness vary from 5 to 0.5 km,
wllilc the clcprh to source may vary bctwccn 2.5 km and 7 km.
1.ast, dc.})arturcs f r o m  t b c  assumptiorr of two-dirncnsional
sources will incrcasc  the dc.pdi estimates.

‘1’IIC lillcar fit of (9) [o tile observed log Jrowcr spcdrurn  is
can icd nut in a bmld bctwccrr wavcnumbcrs k~ < k < ku. k/ is sc.t
10 0.018, rr wavcJcngth of 333 km, while ku is dclincxl by
cslima[ing the mean noise ICVCJ smd its standard error at short
wavclc.ng,lhs. ku is localcd a t  tbc  in[crscction  bclwccn t h e
lmwcr spcctrurn at longer wavcJcngths and tbc upper limit of
lhc cslimalion  band which is the rncan Jwmvcr plus lv.’icc the
slalldard a ror at L1)C noise floor. F.stirnatcs were rnadc from a
250 krII nmving window. ‘lhc, window ovcrlalywi  at 10-km
illlclvals. l’hcrcforc  h sarnc. Jmint aJong t h e  Jwofilc.  i s
“visil)lc” for 25 cs[imatcs  of dc~~tll. Af(cr rc.nloving Ilic lineal
[r cnd and rncan value., mrocs  were appended to Lhc windowed
data for a total siscctral lcngtb of 1024.

Wc found Ola[ the stability in [hc depth cs[irnatcs  was
il~llnovcd  by c.stimating a source. tbickncss. A value. of T= 2 km
was used for the source. thickness in ac.cordancc with tbc
a]~])roxirnalc  t h i c k n e s s  o f  occarlic Iaycr 2. We tcslcd t h e
tcclllliquc o n  a  synthclic  J)rofilc gcncratcd b y  sourc.c.s o f
varying dc})th  and source thicknesses. l“bc depth [o source. was
valicd ill a sequcncc of steps from 5 km to 1 km. I?)c cslirnatcs
of source dcptb for LJic syn[hctic Jwofllcs were accurate. to aboul
?.0% in lhc. absc.ncc of mcasurcmcnl  noise.

I?m spc.ctraJ [cchniquc was applied to over 180,000 km of
fliglit lines. Iistima(cs  of dcp[h to magnetic basement were
obtai]lcd at IO-km intervals along these fligh[ liric.s. I“hc
rc~ion was covcrcd with approximately four dc.pth c.s[imatcs
},cr thousand square kilornctc.rs. I“bc depth estimates were
crmcc[c<i for aircraft altitodc and averaged within a 40-krn grici
intcrvaJ. (h]c check on the accuracy of the griddcd cstirnatcs
W:IS lo compare  tbc estimated source dc.}JLb in tbc 1)1 akc.
l)assagc where seismic da[a and WCJI identified sc.afloor
sl]rcading anolllalics Jw.rmit  a reliable. idcn[ification  of the
magnetic source depth of bctwcc.n  4 and 5 km bcJow sea Jc.vcl.
our c.stima[cd  source depths in tbc I>akc  l)assagc were within
20% of Ibesc values. The rc.suits of oLir rnc[hod also compared
very well (< 1 kin) with the Wcnlcr clc.convolution cstinlatcs
for the Bramfic.ld region of Parra rmd Yanez [ 1988], who used
a combine.ci USA~ and ~bilc.an ac.rosrrrvcy data SCL [Parra c1 al.,

19S4] K) cs[imatc  dcptb to magllctic bascrncnt.
J;igurc 7 displays a contour map of tbc dc.plh to rnagnc.lic

bascmclll. Bascmcnl generally dijx c.astward from the.
sliolclinc  of Ibc. AntarcLic  })cninsula with a rapid incrc.asc in
dc})tb wliich avc.rages 9-14 km along, a soothwcst trc.oding
lTougb  wbosc norLbcrn terminus is al 64°S, 51°W.  I’his



trough  lies wc.fl  WCS1  of the shelf edge as mapped by GEIKO,
which cxruld indicate either a major sedimentary basin within
Ihc. margin  or ,  as  wc bclicvc,  an error in the GIillCX)
ba[hymctry. The rnagnc[ic basement map indicates a shoaling
of bascmc.nt which trends southeast from the Jason Peninsula
wllicb divictcs  the wcstc.rn  shc]f into two basins. Wc }Lavc
named the stmcturc.  the Jason llorst.

l’late 2 indicates the prcscncz of bathymetric depressions
over the. northern and southcm  subbasins. Ovcr the oc.canic
crust (refer to l’late. 2) the basmncnt tends to shoal as the cros[
bccomcs younger. NOLC.  that near the  shear  mrnc of  the
nrrrthwcstc.m Wcddcll JIasin, the bascrncnt is deep (10-11 km)
over  the  JLlrassic crust and shal]owcr (< 9 km) over lhc
Gctaccous  andyoungcrcms [tot bccastofthc shear z.onc. I“hc.
nmrc shallow crust is s{ill quite deep for the youngest crust
which should bc Oligoce.rlc to Fxsccoc age, although scdirncnt
accumulations may bc depressing the crust in this area. I’his
crustal s h o a l i n g  i s  a l s o  coillcidcllt  wit}] a strong gravi[y
gradient in (1IC Cicosa[ gravity Iicld (Plak la)  and strong,
~Iadicr]ts in tllc n~agnetic fic.ld (Plate lb).

Rcgiona]  Scdimmt  ‘J’hickness Map

in OIC final s[cp wcsubtractcd  the revised bathymc[ry  from
tlw dcpt]l  to  nlagllclic  bascmclit  in  orcicr to  cslimalc. t h e .
thickness of the nonmagnetic ovcrburdc.n. 10 order 10
disclilniriate  bctwcc.n  scditncnt  t h i c k n e s s  a s  cstin~alcd b y
seismic and drilling rcsLllts and the usc of modified dcplh to
I,ascnlc]l[ cstirnatcs  in this work u’twill ]c.fc.rto thiekrlc.ss of
IIonrnacnctic ovcrbordcn (Nell) as our estimates of sediment
Il]ickllcss.

‘Ihc thickness of nonmagnetic ovc.lburdcn (1’lalc 3)
ilmcascs  from al JI)roxin~a(cly 3-4 km at tllc castcm  shorc]inc
of (lIC Antarctic Pcminsola (similar to the cstima[cs  of Rcnrrcr
rt al.. [1985] to about 4-6 km at thccdgc of the shelf. Seaward
of the shelf c41gc  the nonmagnetic overburden incrcasc. s
dIanlatically  to 8-12 km. Idlrecque et al. [1989] ccrnsidcrcd
this region to bc the silt. of earliest rifling in the. Weddc.11
IIasin during the Middle. Jurassic. T h e  c.as[ward incrc.asc in
nolunagnclic overburden is also observed by the only seismic
lcsults  rccordcd in the c.astcm P e n i n s u l a  b y  Kt-flcr d a l .
[1989 ],whorcportcda  4°c.astward slope in the Mcsom)ic and
y o u n g e r  scdinlc. rlts ml Jarncs Ross island and se. dinlcnt
thickness on the order of 4-5 km. Magrmtotclluric  cxpcrimcnts
[rfel Vane d al., 1988] rcpori  a 6.7-kn~ sediment layer on
Scylnour lslalid, in  fa i r  af,rccrncnl Witl) o u r  cstimalc.s. l“hc
study also presents rcsu][s over Lhc Robertson island region
(Ilcar 65°S ,  59.5°W),  where  they  firld ari anticlillc  in tlIc
bascrncnt ftankcd byscdinmntsupto4  km thick.

‘I’llc)lollrlla~ ilcticovcrb~lrdcll  sllowl] irl I;igorc8  indicates a
2-knl change in NOB thickness which corrdatcs to a 2-kn]
cllangc in depth to basement across the palcoshcar  zone. ‘1’hc
ahlupl agc con[rast  a n d  t h e  rcsul[ing ba[hymctric  r e l i c . f
}~lcclictcd from this agc offsc.t  likely gc.ocratcd a barrier to
castwrrrd scdirncnt trans}xsr[ and lmndcd sediment wc.st of the
sllcar zone. Grikurov CJ al. [1990] gathered a  n]ultichaljnc]
seismic profile across this por{ion of the margin and tbc
})1 OIK)SCd shear X,mlc, and they report sediment thick  l]csscs

‘.
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V.,]lic]l corrcsIsond to o u r  NOll cstimrrtcs. Kavoun mid
Vimikovkaya [1994]  compiled adcpth to acoustic basement
map of the. northwestern Wcddcll  from seismic nlcawrrcmc.nts
of I1lc. R/V ~Icolog Nalivkin.  IIIC compilation generally agrees
with that prcscn[cd in this stLIdy  dc.spite the diffcrcncc  in
Ic.cluliqocs  and rcsolo[ion. Acmrstic basement might gene.rally
Isccxpcztcd!olic above rnagnctic  basement in studies of this
sort. “Ihc map of acoustic bascrncnt  also shows a 2 to 3 km
westward dc.cpcning in acoustic bascrncnt  across the proposed
IJalco shear  zone bctwccn 64°S to 65°S along tiIC 312°11
meridian.

lhc.N(Hlrc.sobs also locate  several basins along the shc.lf
edge which should bcof Jurassic age. lhc basins arc generally
locale .d  in  areas  bctwccn the intcrscclicrn of southwcst-
Ilorlllcasl slrikillg  magnclic a n o m a l i e s which wc have
ill{c.rplctcd to bc fracture mnc. trends and [hc shelf edge.. in the.
soulllwc.slcn] }soriion of tllc region (nc.ar 71°S and 60°W), wc
OIXCJVC a broad dc.cpcning of magnetic base.mc.]11 and a
coINcqoc.IN  thickc.ning o f  n o n m a g n e t i c  ovc.rtrordco in lhc

soul} )wcstcril Wcddc]l  Basin nc.ar 70°S and 60°W. I“his may bc
a ]mr(liward czmtinoation  of the 10-kn]-deep basin [Kadmina  c1

al.,  1983]  which c.xtcnds nort}lwwd bcncatb the Ronnc IC C.
Stlclf. Afo.skrnyj  ami  ,Tlorcy [1990] a l s o  rc}rorl bascmc.nt
dcI)[lN of thcordcrof 10-t2kn~  surrounding the }laag Nonataks
al the Iaisc. of IIIC. An[a]c tic Peninsula.

1 ,atwn  l{ift

(;oti?dlc?-I~crr6n  [1983 ]11as suggested IIIC c.xistcncc of tl)c
I.arscll Rif(inthcrcgionof  the James Ross island hascd ul)ori
I}IC  ol]scr vation of rcccnt surface Volcanisrl]. Wc. have  not
ol)scrvcd magnc[ic anomaly pat[c.rns or significant magrtc.[ic
almmalic.s in the region of  the  proposed  Iarscn Rift. (h
solu[io])s of depth to bascrncllt in Lhc r e g i o n  s h o w  n o
sig,llificallt c h a n g e  ill dcpLh to n~agnctiC b a s e m e n t .  SUCJI
:ilmrnalics would bc cxlrcctc.d from accumulations of volcanic
nla[cl ial or nlajor disruptions in hascn~cn[, l’hc  abscliccof such
IIlagnclic anomal ies  arc  not  so fficicl)l in Ihcmsclvcs  1 0
dislnovc  the c.xistcncc of the lxwscn Rift. }Iowcvcr, they do
iridicalc Ltlal if t}ic rifling is prcscnlly  aclivc,  lhc.n v o l c a n i c
ric[ivily  is irl a very nasccrlt stage.

Conclusion

‘lhc. acrogravity  and ac.romagnctic data gathered by the
USA~ aclosurvcy  o v e r  the wcstcro  Wcddcll Ilasin  slid t h e
availah]c Gcosa[ gravi[y flcld h a v e  b e e n  c o m b i n e d  s l i d
rillalyz.cd to p r o d u c e  batlrymc(ric,  dc.pLh to bascrnclll, and
cs[itna~cd sc.dinwnt thickness estimates for a difficutt  to access
]c:icrn of die. AnrarcLic margin. Wchavc shown that the phase.
information from an averaged adrnittanc~ function can bc mcd
LO derive t)a[lly]llc[riccslit~~atcs from the gravity anomaly field
al passive continental margins. location of lhc shc]f cdgcin
[hcwcstcrn  Wcddc.11 Dasin has been rc.bcated  as much as 100
kltlu'cs[  oflllc. locatior~n]al~lw.d  irltlic. GIiIl~()n~aI)  series. The
illtcgratcd analysis of revised bathymc.try  rmd the dc.pth to
,llaEllc[ic t,ascnlcrlt indicate an eastward thickening of the
scdilllcrlr rrvcrbordc]]  in the wcs[cm Wcddcll IIasirl alj(i a major



accumulation  of scdin]cnt a t  lhc s h e l f  e d g e .  l’his study
dcmonslra(c.s  the ut i l i ty of long-range acrogcophysical
surveying ill rcmolc  areas.



A1’1’IINI)IX A: Analytic Expressions for
Adn~ittancc  of Continental Margins

III tile following, wc dc.rive lhc analytic expression fcrl the.
gl avi[y field and adrni[tancc  of a sirnplc continental margin
w,lli cl] transforms from shallow watt.r to oceanic  depth w along
a linear corltincntaI  slope W11OSC  width is 27’. The I~ouric.r
1] allsfornl of lhc gravity anomaly dtw. LO the bathymetric
in[clfacc  of this model is

27riG(pM, -- pc)
(;,, (k) = -- ---~2 ---- Cos(cz)c-  ‘a[eik7” - c- ‘L7e- ‘w] (A l )

who  e

k
G
Iv!
Pc
a

Wavcllunlbcr;
univcrsril gravity constant;
waler cimlsily;
c.1 us[ dc.l)sity;
allglc bctwc.c.n  IIIC colitincntal  slope and tile. vc]tical
such that

2’1’
cm(a)= -

w

A(iciil~g  IIIC. c.onlr ibution of [hc mantle assuming Airy
c(J1llpclisrrtion  wc ob{ain the I:oLwic.r tiansfornl  o f
p,J avi~y anomaly ovc.r LIJC  model col]lincnta} rnargir]

Jfic-k(wif) ‘“[e’k’c- ‘w’ - f?- i~7”]

(A2)

isoslatic
lhc total

(A’1)

‘.

Upper boLlnd of llIC Moho rC.]iCf  corrcs~ronciing  10 all
OCCall dcllh  W;
oceanic c1 USI  thickness assuming local mass
compcllsa[ion  at de.p[h I’c, the base. of h
Colllinclllal crrrsl;
n]anllc  cicnsily;
angk bclwccIL lhc man[lc sk~pc and tfLc.  vc!lical
dclm Illinc.ci by

(A4)

I:ollowing A’artwr and Watfs  [ 1982], t h e  bathymctry  is
<icfinc[i as Lhc scaled convolution of a Sig,IILIIU  funclicrn and a
rcc[allgular u~illtiow of widtil 7’ so that

If(x) = - >{: .?gn(x)* win(x) (AS)

WIICIC  IIIC. as[crisk signifies collvolutiolL, x is IILC coordinate
alt)])~, [IIC i]rofii c., and d is [tic nmdian  water dc}M1. ‘ilm lk~oricr
1] amfm m of tile ba[hymc[ry is Ihcn

2idsin(k7’)
IJ(k)=  -  –  ~l; - . (A6)

\Vc can IIOV,,  WI i[c the. c~lLla[iorls for the admittance



. (A7)
Z(k) i n  (A7) dc.crcascs smooLhly 10 zwo for low

wave.numbers, a nc.czssary condition for this being the exact
coml)cnsalion  of tllc topography. For very Iargc wave.murnbcrs
(sl,ort wavclcngth,s) or dcc.p compensation depths, Gp(k) or
[Ilc gravity effect of compensation vanishes, and the spcclrum
of IIIC adnlit[allcc  is controlled by the factor c i (~f’-Cl )/si,](k~)

wllicll is Ll)c cffrxt  of lhc sLlrfacx2 topogral~lly.  I’lw Icrl]l sin(~l’)
V.’illl  its z,c~oc.s al ~1’=nl~,  m being an integer, ]ilnils the
al Nolu Lc v a l u e .  o f  t h e  ~)llasc to lC.SS than rr/2.. NO(C that (z
(cqori[ion (A2)) is a little smaller than n/2, with typical values
of w and 7’ bcillg 4 km and 100 km, rcsl)cctivcly.

l:i~ulc Al  d isplays  the  analyt ica l  admi[[ancc for Ibc
syIIlllctlc lllar~, ill wi th  w,. d km,  1> loo  k,,,, ~lld y’c. 3?, ktll,
I)cllsily valocs arc 1030, 2800, and 3400 kg/n13  for pW,, pc,
and p,,,, rcsI)cc[ively. Wc can scc that the. absolute value of the
ad[ni[lwlcc has peaks for k= t)Jrcff ’, cxccpt  for k= O; wc can also
sce Ll]al  rtIe ari)})li[udc  never dcz.ays,  rcachin~ a constant value
ulxnl w]lich Lhc peaks alc su}scrim})oscd.  Wc have. also plotted
ltlc. “ullwrappcd”  or pscudo~~llasc W}iicb is tllc pham willl [Ilc n
discoll[inuitics  removed. We have fitted two straight lines to
IIlis wcudo~)hasc,  dividing Ihc. k range in tv,~o sc<tors: k<O.05

1kill- and k>O.05  km-’. Wc SC.C that the line.ar fit for high
){’avcllun~l)crs  is 101 km, very C1 OSC to the real value of 7’
~vllict]  is 100 kill. I’hc. phase sl~ctrum  appears to bc a robL)s[
rccoldcl of margin morphology and relative position of
g,r avily ald tsatllymctry. F o r  lllis r e a s o n  WC. aly)licd Il,c
r cfcrcllcc. l}hasc to the otsscrvcd admit[ancc.

III l~ip,urc.  A2, wc have artificially shifted tlm gravity profile.
ill (}IC ~)rcvious  Cxarnplc try 100 km to llJC lcfl wi[}l  rcsl%cl 10
lllc batllylnclric  l)rofilc. T’his w a s  cionc t o  sirnulalc.  Ihc.
possibility of incor!ccl  bathymctry  as wc arc invcsligat  ing in
Illis ]Jal)cr. lhc p lo t  o f admittance phase shows rcgu]arly
slmccd discmltinuitic.s of rJ and 2n. While the log amplitude of
adrltii[allcc co]nponcnt  is  unaffcctcd, t h e  2rr discontinui(ies
al isc from the artificially irnposc.d  jack of compcnsa[ion.

l:igorc A3 disI)lays a profile along, latitude. 65°S. NrILc.  that
[Ilc g,ravity and tol)ograpby  m a x i m a  a n d  rninin~a arc not

*..’ coillcidcl~t  as would bc d]c case for pcrfcc[ly conil)crlsa[c.d arid
lIoIIIo~cIIous  margin. ‘1’hc achnittancc anlplitudc of this profile
does 1101 decay with increasing wavcrlurnber as V’C observed i n
I’igurc Al. in fact, the admi[[ancc spectrum bccomcs highly
CII alit at large wavcnumbcrs  and lhc rc.al conlponc.nl bc.come.s
Ilcgalivc..

II) l:igu[c A4, wc have IIlodclcd ttlc gravi[y profl]c of Figure
A’3 osillg the. topography of Figure A3 and adjusting the sin
and loca[ion of ]ow-dc.nsity bodic.s t o  s i m u l a t e  sc.{iin~cnt
accLllnolatiol}.  Illc objc.clivc was to show the c. ffccl of
inq)c[ feel cmnpcnsalion  in tllc abscncc of mcasurcmcnl noise.



W C scc that the spectra of the rnodclcd profile compare WCII
with those of tl)c otrscrvcd profile with tbc occurrence of n and
?.n p h a s e .  discxrntinuitics in  [hc  phase  comporrcnt  a n d
lwgligib]c decay in the amplitude of the admittance function.

Wc collclrrdc that the 2rc discontinuitics  can bc attributed to
dclmrturcs from the rnodc.1  of compensation. Ihc average of
SCVCI al profile.s from a continental margin will display a
dccv case in amplitude with wavcnurnbcr, but this is ctm to the,
rivcraging of irregularities in t}lc real and imaginaly  spectral
com])oIImILs and not to physical realities such as waler depth.
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Figure 2. AH geophysical data in the region ~ior to ~SAC. compilation  includes ba~hymctry, gravity.

and magnetic measuremen~.  MSO  shown ss sti?led IiIICS me thc zd~-~d ~ @O@~  rmge  Iimits for aircraft

~T@” 7- ‘ departing from Tierra del Fucgo  (star). Stipled lines irr SOULhCm Weddell Sea (bcIow 70°S) arc Russian
. .
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FREE AIR GRAVITY

Plate  la. Gravily  ficlcl for the Wcddcll Basin using USA12  acrogravity cla~a bmc and the Gc.mat  dcriv cd
gravi ty field  [Ilarby,  1988, Relf  c1 01. ,1990].  Revised bathyrl)ctry  from Plate 2 is plrrt[cd  ill rrrarlgc.  Areas
of no data are masked in gray. ~oas[linc  is clclincatcd in red.
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Plate  lb. Magnetic auonla]y fic.ld of the Wccldcll Basin. I)atabasc  inclrrdcs all USAC  flights, ac.rosurvcys
of Rcrmcr et al, [ 198S], MUS1OV [1 980] arid mwinc  data of I,ufirccque  C( al. [ 1986]. Revised batllylllc[ry from
I’late 2 is },1OI[C.CI in orange. Also S}1OWII  in clsrrkcr rcd arc lhc tcclonic linca[iorls from C’a/K/c  ef al. [] 989]
showing tile Orlorl Anomaly of the sout}lcrn  Wcddcll  Basin  and tile seafloor s}~rcac]irlg  rllagllc(ic  anol[]a]ics
arid fraclurc Z.ortc lrc.ncls  of lIIC r]ordlcrrl  Wc&lcll  Jlasill  wilh  local  iorl of anomaly 34. ~oasllirlc  is dclillcaiccl
in r d .
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IDLE JURASSIC K/T BOUNDARY

Figure  3. Reconstructions of t!!c WeddcII Basin for Jurassic and Jurassic Crc!acwus  Boundary based o n
scaffoor spreading iineations in the WeddcII Basin [from L.uhcque  ef al., 19S 6].

.Midd!c Jurassicrcconmruction Shows the ‘Ross Sea B a$in (stb~ed nrea~ Qverl  am+= ~. . / ..-rr...a L?e EMt Aiit~-CtiC  cra:~n. ~TOUS~=<
rncter  contour intcrvak  of margins am! reIevant oceanic rises zre showm where appropri2!e.
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Vigurc  7 . Ikpth  to magnetic basement in the WcddCll
bathymctry  is  shown as thick grcy  lines at 1 -km c o n t o u r
slwrious over southern An[arctic Pc.ninsula for lack of dala.

Basin. contour  interval is 1 km. Revised
intervals. Magnetic base.mcnt mtimatcs  arc
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k’igore  8. Same as P]atc  3 with tectonic map of I~igorc 6 sopcrij)~~,[>scd.
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